Differential effects of chilling-induced photooxidation on the redox regulation of photosynthetic enzymes.
Photosynthesis in plant species that are evolutionarily adapted for growth in warm climates is highly sensitive to illumination under cool conditions. Although it is well documented that illumination of these sensitive species under cool conditions results in the photosynthetic production of reactive oxygen molecules, the underlying mechanism for the inhibition of photosynthesis remains uncertain. Determinations of chloroplast fructose-1,6-bisphosphatase and sedoheptulose-1,7-bisphosphatase activity showed that the light-dependent, reductive activation of these key carbon reduction cycle enzymes was substantially inhibited in tomato (Lycopersicon esculentum) following illumination at 4 degrees C. However, other chloroplast enzymes also dependent on thioredoxin-mediated reductive activation were largely unaffected. We performed equilibrium redox titrations to investigate the thermodynamics of the thiol/disulfide exchange between thioredoxin f and the regulatory sulfhydryl groups of fructose-1,6-bisphosphatase, sedoheptulose-1,7-bisphosphatase, phosphoribulokinase, NADP-glyceraldehyde phosphate dehydrogenase, and the chloroplast ATPsynthase. We determined that the redox midpoint potentials for the regulatory sulfhydryl groups of the various enzymes spanned a broad range ( approximately 50 mV at pH 7. 9). The electron-sharing equilibria among thioredoxin f and its target enzymes largely explained the differential effects of photooxidation induced at low temperature on thioredoxin-mediated activation of chloroplast enzymes in tomato. These results not only provide a plausible mechanism for the low-temperature-induced inhibition of photosynthesis in this important group of plants, but also provide a quantitative basis to evaluate the influence of thioredoxin/target enzyme electron-sharing equilibria on the differential activation and deactivation kinetics of thioredoxin-regulated chloroplast enzymes.